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CELL ADHESION-INHIBITING 
ANTIINFLAMMATORY COMPOUNDS 

[0001] This application is a continuation-in-part of US 
provisional application Ser. No. 60/087,907, ?led Jun. 4, 
1998, incorporated herein by reference. 

TECHNICAL FIELD 

[0002] The present invention relates to compounds that are 
useful for treating in?ammatory diseases, to pharmaceutical 
compositions comprising these compounds, and to methods 
of inhibiting in?ammation in a mammal. 

BACKGROUND OF THE INVENTION 

[0003] In?ammation results from a cascade of events that 
includes vasodilation accompanied by increased vascular 
permeability and exudation of ?uid and plasma proteins. 
This disruption of vascular integrity precedes or coincides 
With an in?ltration of in?ammatory cells. In?ammatory 
mediators generated at the site of the initial lesion serve to 
recruit in?ammatory cells to the site of injury. These media 
tors (chemokines such as IL-8, MCP-1, MIP-1, and 
RANTES, complement fragments and lipid mediators) have 
chemotactic activity for leukocytes and attract the in?am 
matory cells to the in?amed lesion. These chemotactic 
mediators Which cause circulating leukocytes to localiZe at 
the site of in?ammation require the cells to cross the 
vascular endothelium at a precise location. This leukocyte 
recruitment is accomplished by a process called cell adhe 
s1on. 

[0004] Cell adhesion occurs through a coordinately regu 
lated series of steps that alloW the leukocytes to ?rst adhere 
to a speci?c region of the vascular endothelium and then 
cross the endothelial barrier to migrate to the in?amed tissue 
(Springer, T. A., 1994, Traf?c Signals for Lymphocyte 
Recirculation and Leukocyte Emigration: The Multistep 
Paradigm, Cell 76: 301-314; LaWrence, M. B., and Springer, 
T. A., 1991, Leukocytes’ Roll on a Selectin at Physiologic 
FloW Rates: Distinction from and Prerequisite for Adhesion 
Through Integrins, Cell.65: 859-873; von Adrian, U., Cham 
bers, J. D., McEnvoy, L. M., BargatZe, R. F.,Arfos, K. E, and 
Butcher, E. C., 1991, TWo-Step Model of Leukocyte-Endot 
helial Cell Interactions in In?ammation, Proc. Natl. Acad. 
Sci. USA88: 7538-7542; and Ley, K., Gaehtgens, P., Fennie, 
C., Singer, M. S., Lasky, L. H. and Rosen, S. D., 1 991, 
Lectin-Like Cell Adhesion Molecule 1 Mediates Rolling in 
Mesenteric Venules in vivo, Blood 77: 2553-2555). These 
steps are mediated by families of adhesion molecules such 
as integrin, Ig supergene family members, and selectins 
Which are expressed on the surface of the circulating leu 
kocytes and on the vascular endothelial cells. The ?rst step 
consists of leukocyte rolling along the vascular endothelial 
cell lining in the region of in?ammation. The rolling step is 
mediated by an interaction betWeen leukocyte surface oli 
gosaccharides (such as Sialylated LeWis-X antigen (Slex)) 
and a selectin molecule expressed on the surface of the 
endothelial cell in the region of in?ammation. The selectin 
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molecule is not normally expressed on the surface of endot 
helial cells but rather is induced by the action of in?amma 
tory mediators such as TNF-ot and interleukin-1. Rolling 
decreases the velocity of the circulating leukocyte in the 
region of in?ammation and alloWs the cells to more ?rmly 
adhere to the endothelial cell. The ?rm adhesion is accom 
plished by the interaction of integrin molecules that are 
present on the surface of the rolling leukocytes and their 
counter-receptors-the Ig superfamily molecule-on the sur 
face of the endothelial cell. The Ig superfamily molecules or 
CAMs (Cell Adhesion Molecules) are either not expressed 
or are expressed at loW levels on normal vascular endothelial 
cells. The CAM’s, like the selecting, are induced by the 
action of in?ammatory mediators like TNF-alpha and IL-1. 
The ?nal event in the adhesion process is the extravasation 
of the leukocyte through the endothelial cell barrier and the 
migration of the leukocyte along the chemotactic gradient to 
the site of in?ammation. This transmigration is mediated by 
the conversion of the leukocyte integrin from a loW avidity 
state to a high avidity state. The adhesion process relies on 
the induced expression of selectins and CAM’s on the 
surface of vascular endothelial cells to mediate the rolling 
and ?rm adhesion of leukocytes to the vascular endothelium. 

[0005] The induced expression of e-selectin and CAM’s is 
mediated by the transcription factor NFkB. NFKB is a 
family of dimeric transcription factors made from monomers 
containing the 300 amino acid Rel domain. These factors 
can bind to DNA, interact With each other and bind to an 
inhibitor molecule termed IkB (Vermaa, I. M., Stevenson, J. 
K., SchWarZ, E. M., AntWerp, D. V., and Miyamoto, S, 1995, 
Rel/NFlB/IkB Family: Intimate Tales of Association and 
Dissociation, Genes Dev. 9: 2723-2735; and BaldWin, A. S. 
1996, The NFkB and IkB proteins: NeW Discoveries and 
Insights, Annu. Rev. Immunol. 14: 649-681). NFkB is found 
in the cytoplasm complexed With IkB. Activation of NFKB 
occurs in response to in?ammatory mediators such as TNF 
0t, IL-1, and lipopolysaccharide. Activation of IkB requires 
phosphorylation of IkB folloWed by ubiquitinylation of the 
IkB molecule and subsequent degradation by proteosomes. 
Release of NFkB from association With IkB results in 
translocation of the dimer to the nucleus Where it can 
associate With speci?c DNA sequences. The e-selectin gene 
and CAM’s contain NFkB-recognition sequences upstream 
from their coding regions. The DNA-bound NFKB acting 
With other proteins in the transcription complex directs the 
expression of the e-selectin and CAM genes among others 
controlled by this transcription factor. 

[0006] The present invention discloses compounds that 
inhibit the expression of e-selectin and ICAM-1 relative to 
VCAM-1. These compounds are useful for the treatment or 
prophylaxis of diseases caused by expression of adhesion 
molecules. These diseases include those in Which leukocyte 
trafficking plays a role, notably acute and chronic in?am 
matory diseases, autoimmune diseases, tumor metastasis, 
allograft rejection, and reperfusion injury. 

SUMMARY OF THE INVENTION 

[0007] In one embodiment of the present invention are 
disclosed compounds represented by structural Formula I: 
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[0008] or a pharrnaceutically acceptable salt or prodrug 
thereof, Where the symbol ' ' ' ' ‘represents a single bond or 

a double bond, provided that When one bond is a double 
bond, the adjacent bond is a single bond; 

[0009] E, F, and G are independently selected from 

[0010] (1) carbon, 
[0011] (2) nitrogen, and 

[0012] (3) N=—O_, 
[0013] provided that at least one of E, F or G is nitrogen 
or N+—O_, and further provided that at least one of E, F or 
G is carbon; 

[0014] Y and Z are independently selected from 

[0015] (1) carbon, 

[0016] (2) nitrogen, 

[0017] (3) oxygen, and 

[0018] (4) S(O)t Where t is an integer 0-2, 

[0019] provided that at least one of Y or Z is other than 
carbon; 
[0020] L A is selected from 

[0021] (1) a covalent bond, 

[0022] (2) —0—, 

[00231 (3) —S(O)t—, 
[0024] (4) —NR6— Where R6 is selected from 

[0025] (a) hydrogen, 
[0026] (b) alkyl of one to ten carbons optionally 

substituted With 1 or 2 substituents independently 
selected from, 

[0027] aryl and 

[0028] (ii) cycloalkyl of three to ten carbons, 

[0029] (c) alkanoyl Where the alkyl part is of one to 
ten carbons, and 

[0030] (d) cycloalkyl of three to ten carbons, 

[0031] (5) —C(W)— Where W is selected from 

[0032] (a) O and 

[0033] (b) S, and 

[0034] (6) alkenylene; 
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[0035] X A is selected from 

[0036] (1) halo, 
[0037] (2) alkyl of one to ten carbons optionally sub 

stituted With 1, 2, or 3 substituents independently 
selected from 

[0038] (a) OX0, 
[0039] (b) cycloalkyl of three to ten carbons, 

[0040] (c) —CO2R7 Where R7 is selected from 

[0041] hydrogen and 

[0042] (ii) alkyl of one to ten carbons optionally 
substituted With 1, or 2 substituents independently 
selected from 

[0043] 
[0044] 

[0045] (d) —NR8R9 Where R8 and R9 are indepen 
dently selected from 

[0046] hydrogen, 
[0047] (ii) alkyl of one to siX carbons optionally 

substituted With 1 or 2 substituents independently 
selected from 

[0048] —OH, 
[0049] aryl, 
[0050] 
[0051] 
[0052] —NRARB Where R A and RB are indepen 
dently selected from 

[0053] hydrogen and 
[0044] alkyl of one to siX carbons optionally 
substituted With 1 or 2 substituents selected from 

—OH, 
[0055] (iii) alkanoyl Where the alkyl part is of one 

to to ten carbons, 

[0056] (iv) cycloalkyl of three to ten carbons, 

[0057] (v) alkoXy, 
[0058] (vi) heterocycle, and 
[0059] (vii) aryl, 

[0060] Where (vi) and (vii) are substituted With 1 or 2 
substituents independently selected from 

[0061] 
[0062] halo, 

[0063] (e) —C(W)R1O Where W is previously de?ned 
and RIO is selected from 

[0064] hydrogen, 
[0065] (ii) alkyl of one to ten carbons optionally 

substituted With 1, or 2 substituents independently 
selected from 

[0066] 
[0067] 
[0068] (iii) —NR8R9, and 
[0069] (iv) —OR7, 

aryl and 

cycloalkyl of three to ten carbons, 

heterocycle, 
cycloalkyl of three to ten carbons, and 

alkyl of one to siX carbons and 

aryl and 

cycloalkyl of three to ten carbons, 
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[0070] —OH, 
[0071] (g) aryl, and 

[0072] (h) heterocycle, 
[0073] Where (g) and (h) can be optionally substituted With 
1, 2,3, 4, or 5 substituents independently selected from 

[0074] alkyl of one to tWenty carbons, 

[0075] (ii) —NR8R9, 
[0076] (iii) alkoXy of one to ten carbons, 

[0077] (iv) thioalkoXy of one to ten carbons, 

[0078] (v) halo, 
[0079] (vi) per?uoroalkyl of one to three carbons, 

[0080] (vii) alkenyl of tWo to ten carbons, 

[0081] (viii) alkyl of one to ten carbons optionally 
substituted With 1 or 2 substituents independently 
selected from 

[0082] alkoXy of one to ten carbons and 

[0083] —OH, 

[0084] —CO2R7, 
[0085] aryl, and 

[0086] —CHO, 
[0087] (3) cycloalkyl of three to ten carbons, 

[0088] (4) aryl, 
[0089] (5) heterocycle 

[0090] Where (4) and (5) can be optionally substituted With 
1, 2,3, 4, or 5 substituents independently selected from 

[0091] (a) alkyl of one to tWenty carbons, 

[0092] (b) alkyl of one to ten carbons substituted With 
1, 2, or 3 substituents independently selected from 

[0093] —OR,IX Where R11 is selected from 
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[0106] (iii) spiroalkyl of three to ten carbons, and 

[0107] (iv) halo, 
[0108] (c) alkoXy of one to ten carbons optionally 

substituted With 1 or 2 substituents independently 
selected from 

[0109] alkoXy, and 

[0110] (ii) alkoXyalkoXy, 
[0111] (d) thioalkoXy of one to ten carbons, 

[0112] (e) halo, 
[0113] per?uoroalkyl of one to three carbons, 

[0114] (g) alkenyl of tWo to ten carbons optionally 
substituted With 1 or 2 substituents independently 
selected from 

[0115] —C(W)R1O and 

[0116] (ii) —C(W)R12, 
[0117] (h) —CO2R7, 
[0118] —NR8R9, 
[0119] aryl, 

[0120] (k) —C(W>R1Z, 
[0121] (l) —CHO, 

[0122] —C(O)NR8R9, 
[0123] (n) —CN, 
[0124] (o) heterocycle optionally substituted With 1 

or 2 substituents independently selected from 

[0125] alkyl of one to ten carbons and 

[0126] (ii) per?uoroalkyl of one to three carbons, 

[01271 (p) —C(W>R1O, 
[0128] (q) ethylenedioXy, and 

[0129] (r) —OCF3, 
[0130] (6) —OR7, 
[0131] (7) hydrogen, and 

[0132] (8) —NR8R9; 
[0133] LB is selected from 

[0134] (1) a covalent bond, 

[0135] (2) —0—, 
[0136] (3) —S(O)t—, 

[0100] heterocycle optionally substituted With 1, 
2,3, or 4 substituents independently selected from [0137] (4) —NR6—’ 

[0101] _OH and [0138] (5) —C(W)—, and 
[0139] (6) —C(=NR13)— Where R13 is selected from 

[0140] (a) hydrogen, 
[0141] (b) —NO2, 
[0142] (c) —CN, and 
[0143] (d) —ORl4 Where R14 is selected from 

[0144] hydrogen, 

[0145] (ii) aryl, and 

[0094] hydrogen, 
[0095] —C(W)R12 Where R12 is selected from 

[0096] alkyl of one to ten carbons, 

[0097] cycloalkyl of three to ten carbons, 

[0098] aryl, and 

[0099] heterocycle, and 

[0102] alkyl of one to siX carbons optionally 
substituted With 1 or 2 substituents selected from 

—OH, 

[0103] (ii) alkoXy of one to ten carbons optionally 
substituted With 1 or 2 substituents independently 
selected from 

[0104] alkoXy and 

[0105] alkoXyalkoXy, 
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[0146] (iii) alkyl of one to ten carbons optionally 
substituted With 1 or 2 substituents independently 
selected from 

[0147] aryl and 

[0148] —C(O)R15 Where R15 is selected from 
hydrogen, 

[0149] —OH, 

[0150] 
[0151] NRARB; 

[0152] XB is selected from 

[0153] (1) hydrogen, 
[0154] (2) alkyl of one to ten carbons optionally sub 

stituted With 1, 2, or 3 substituents independently 
selected from 

[0155] (a) —CO2R7, 
[0156] (b) —NR8R9, 
[0157] (c) —C(W)NR8R9, 
[0158] 
[0159] (e) aryl optionally substituted With 1 or 2 

substituents independently selected from 

[0160] alkyl of one to ten carbons, 

[0161] (ii) —NO2, and 

[0162] (iii) —NRARB, 
[0163] —OR16 Where R16 is selected from 

[0164] hydrogen and 

[0165] (ii) —C(W)NRARB, and 

[0167] (3) alkenyl of tWo to siX carbons optionally 
substituted With 1 or 2 substituents independently 
selected from 

[0168] (a) —C(W)NRARB, 
[0169] (b) —CO2R7, and 

[0170] (c) heterocycle, 
[0171] (4) —NRNR18 Where R17 and R18 are indepen 

dently selected from 

[0172] (a) hydrogen, 
[0173] (b) alkyl of one to ten carbons optionally 

substituted With 1, 2, or 3 substituents independently 
selected from 

[0174] (1) —OH, 

[0175] (ii) —C(W)RIO, 
[0176] (iii) —NR AC(=NR13)NRBR19 Where R A, 

RB, and R13 are previously de?ned and R19 is 
selected from 

[0177] hydrogen, 

[0178] 
[0179] 

alkoXy, and 

(d) heterocycle, 

alkyl of one to ten carbons, and 

—NO2, 
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[0180] (iv) heterocycle, 
[0181] (v) aryl, 
[0182] (vi) halo, and 

[0183] (vii) —NRARB, 
[0184] (c) alkoXy, 
[0185] (d) aryl optionally substituted With 1, 2, or 3 

substituents independently selected from 

[0186] halo, 
[0187] (ii) alkyl of one to ten carbons, 

[0188] (iii) alkoXy of one to ten carbons, and 

[0189] (iv) per?uoroalkyl of one to three carbons, 

[0190] (e) heterocycle, 

[0191] —NRARB, 
[0192] (g) —C(O)R2O Where R20 is selected from 

[0193] hydrogen, 
[0194] (ii) alkyl of one to ten carbons, 

[0195] (iii) —OR12, and 

[0196] (iv) —NRARB, 
[0197] (h) cycloalkyl of three to ten carbons, and 

[0198] —OH, 

[0199] (5) alkoXy, 

[0200] (6) —OH, 

[0201] (7) —NRAC(=NR13)NRBR19, 
[0202] (8) —C(W)NR8R9, 
[0203] (9) aryl, 
[0204] (10) heterocycle, 

[0205] Where (9) and (10) can be optionally substituted 
With 1, 2,3, 4, or 5 substituents independently selected from 

[0206] (a) halo, 
[0207] (b) alkyl of one to ten carbons optionally 

substituted With 1, 2, or 3 substituents independently 
selected from 

[0208] halo, 

[0209] 

[0210] 

[0211] 

[0212] 

[0213] 
[0214] (vii) aryl, 

[0215] (c) —NRARB, 
[0216] (d) alkoXy of one to ten carbons, 

[0217] (e) thioalkoXy of one to ten carbons, 

(ii) alkoXy of one to ten carbons, 

(iii) —NRARB, 
(iv) —OH, 

(v) —COZR7, 

(vi) —C(W)NRARB, and 

[0218] per?uoroalkyl of one to three carbons, 
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[0222] —NRAC(W)OR2, Where R A is previously 
de?ned and R21 is selected from 

[0223] alkyl of one to ten carbons optionally 
substituted With 1 or 2 substituents selected from 

[0224] 
[0225] 

[0226] (ii) aryl, and 

[0227] (iii) cycloalkyl of three to ten carbons, 

[0228] (k) alkenyl of tWo to ten carbons, 

[0229] (l) heterocycle, 
[0230] aryl, and 

[0231] (n) —NO2, 
[0232] (11) —CN, 
[0233] (12) —CHO, 
[0234] (13) halo, and 

[0235] (14) —B(ORA)(ORB); 
[0236] provided that When R1, R2, R3, R4, and R5 are 
hydrogen or absent, —LA— is a covalent bond, and —LB— 
is a covalent bond, then one of XA or XB is other than 
hydrogen; and 

[0237] R1, R2, R3, R4, and R5 are absent or independently 
selected from 

[0238] (1) hydrogen, 
[0239] (2) alkyl of one to siX carbons optionally 

substituted With 1 or 2 substituents independently 
selected from 

[0240] (a) —OC(O)R22, Where R22 is selected from 

[0241] alkyl, 
[0242] (ii) alkoXy, and 

[0243] (iii) NR ARB, 

aryl and 

cycloalkyl of three to ten carbons, 

[0244] (b) alkoXy, 
[0245] (c) —OH, 
[0246] (d) —NRARB, 
[0247] (e) heterocycle, and 
[0248] aryl, 

[0249] (3) —CO2R7, 
[0250] (4) —C(O)NRARB, 
[0251] (5) —SR23 Where R23 is selected from 

[0252] (a) hydrogen, 
[0253] (b) alkyl of one to siX carbons, 

[0254] (c) aryl optionally substituted With 1 or 2 sub 
stituents selected from 

[0255] alkyl of one to siX carbons and 

[0256] (ii) halo, 
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[0257] (6) —NRARB, 

[0258] (7) halo, 

[0259] (8) alkoXy, 

[0260] (9) per?uoroalkyl of one to three carbons, 

[0261] (10) —OH, and 

[0262] (11) heterocycle, 

[0263] provided that When E, F, and Y are carbon, G is 
nitrogen, Z is sulfur, —LA— is a covalent bond, and X A is 
halo, R1 is other than —CO2R7. 

[0264] In another embodiment of the invention are dis 
closed methods of treating diseases comprising administer 
ing an effective amount of a compound having Formula I. 

[0265] In yet another embodiment of the invention are 
disclosed pharmaceutical compositions containing com 
pounds of Formula I. 

DETAILED DESCRIPTION OF THE 
INVENTION 

De?nition of Terms 

[0266] The term “alkanoyl” as used herein refers to an 
alkyl group attached to the parent molecular group through 
a carbonyl group. 

[0267] The term “alkenyl” as used herein refers to a 
monovalent straight or branched chain group of 2-12 carbon 
atoms containing at least one carbon-carbon double bond 
derived from an alkene by the removal of one hydrogen 
atom. 

[0268] The term “alkenylene” as used herein refers to a 
divalent straight or branched chain group of 2-10 carbon 
atoms containing a carbon-carbon double bond derived from 
an alkene by the removal of tWo hydrogen atoms. 

[0269] The term “alkoXy” as used herein refers to an alkyl 
group attached to the parent molecular group through an 
oxygen atom. 

[0270] The term “alkoXyalkoXy” as used herein refers to 
an alkoXy group attached to the parent molecular group 
through another alkoXy group. 

[0271] The term “alkoXycarbonyloXy,” as used herein, 
refers to an alkoXy group, as de?ned herein, appended to the 
parent molecular moiety through a carbonyloXy group, as 
de?ned herein. 

[0272] The term “alkoXycarbonyloXymethylene,” as used 
herein, refers to an alkoXycarbonyloXy group, as de?ned 
herein, appended to the parent molecular moiety through a 
methylene group, as de?ned herein. 

[0273] The term “alkyl” as used herein refers to a satu 
rated straight or branched chain group of 1-20 carbon atoms 
derived from an alkane by the removal of one hydrogen 
atom. 

[0274] The term “alkylcarbonyl,” as used herein, refers to 
an alkyl group, as de?ned herein, appended to the parent 
molecular moiety through a carbonyl group. 
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[0275] The term “alkylcarbonyloXy,” as used herein, 
refers to an alkyl group, as de?ned herein, appended to the 
parent molecular moiety through a carbonyloXy group, as 
de?ned herein. 

[0276] The term “alkylcarbonyloXymethylene,” as used 
herein, refers to an alkylcarbonyloXy group, as de?ned 
herein, appended to the parent molecular moiety through a 
methylene group, as de?ned herein. 

[0277] The term “alkylene,” denotes a divalent group 
derived from a straight or branched chain hydrocarbon of 
from 1 to 10 carbon atoms. Representative examples of 
alkylene include, but are not limited to, —CH2—, 
—CH2CH2—, —CH2CH2CH2—, —CH2CH2CH2CH2—, 
—CH2CH(CH3)CH2—, and the like. 

[0278] The term “amino,” as used herein, refers to a 
—NR80R81 group, Where R80 and R8, are independently 
selected from hydrogen and alkyl. 

[0279] The term “aminocarbonyl,” as used herein, refers 
to an amino group, as de?ned herein, appended to the parent 
molecular moiety through a carbonyl group, as de?ned 
herein. 

[0280] The term “aminocarbonyloXy,” as used herein, 
refers to an aminocarbonyl group, as de?ned herein, 
appended to the parent molecular moiety through an oXy 
group, as de?ned herein. 

a [0281] The term “aminocarbonyloXymethylene,’ as used 
herein, refers to an aminocarbonyloXy group, as de?ned 
herein, appended to the parent molecular moiety through a 
methylene group, as de?ned herein. 

[0282] The term “aryl” refers to a mono- or bicyclic 
carbocyclic ring system having one or tWo aromatic rings. 
The aryl group can also be fused to a cycloheXane, cyclo 
heXene, cyclopentane or cyclopentene ring. The aryl groups 
of this invention can be optionally substituted. 

[0283] The term “carbonyl,” as used herein, refers to a 
—C(O)— group. 
[0284] The term “carbonyloXy,” as used herein, refers to a 
carbonyl group as de?ned herein, appended to the parent 
molecular moiety through an oXy group, as de?ned herein. 

[0285] The term “cycloalkyl” as used herein refers to a 
monovalent saturated cyclic hydrocarbon group of 3-12 
carbons derived from a cycloalkane by the removal of a 
single hydrogen atom. 

[0286] The term “ethylenedioXy,” as used herein, refers to 
a —O(CH2)2O— group Wherein the oxygen atoms of the 
ethylenedioXy group are attached to the parent molecular 
moiety through one carbon atom forming a 5 membered ring 
or the oXygen atoms of the ethylenedioXy group are attached 
to the parent molecular moiety through tWo adjacent carbon 
atoms forming a siX membered ring. 

[0287] The terms “halo” or “halogen” as used herein refers 
to F, Cl, Br, or I. 

[0288] The term “heterocycle” represents a represents a 
4-, 5-, 6-or 7-membered ring containing one, tWo or three 
heteroatoms independently selected from the group consist 
ing of nitrogen, oXygen and sulfur. The 4- and S-membered 
rings have Zero to tWo double bonds and the 6- and 7-mem 
bered rings have Zero to three double bonds. The term 
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“heterocycle” also includes bicyclic, tricyclic and tetracyclic 
groups in Which any of the above heterocyclic rings is fuised 
to one or tWo rings independently selected from an aryl ring, 
a cycloheXane ring, a cycloheXene ring, a cyclopentane ring, 
a cyclopentene ring or another monocyclic heterocyclic ring. 
Heterocycles include acridinyl, benZimidaZolyl, benZofuryl, 
benZothiaZolyl, benZothienyl, benZoXaZolyl, biotinyl, cinno 
linyl, dihydrofuryl, dihydroindolyl, dihydropyranyl, dihy 
drothienyl, dithiaZolyl, furyl, homopiperidinyl, imidaZolidi 
nyl, imidaZolinyl, imidaZolyl, indolyl, isoquinolyl, 
isothiaZolidinyl, isothiaZolyl, isoXaZolidinyl, isoXaZolyl, 
morpholinyl, oXadiaZolyl, oXaZolidinyl, oXaZolyl, oXadiaZ 
olyl, piperaZinyl, piperidinyl, pyranyl, pyraZolidinyl, pyraZi 
nyl, pyraZolyl, pyraZolinyl, pyridaZinyl, pyridyl, pyrimidi 
nyl, pyrimidyl, pyrrolidinyl, pyrrolinyl, pyrrolyl, quinolinyl, 
quinoXaloyl, tetrahydro?uryl, tetrahydroisoquinolyl, tet 
rahydroquinolyl, tetraZolyl, thiadiaZolyl, thiaZolidinyl, thia 
Zolyl, thienyl, thiomorpholinyl, triaZolyl, and the like. 

[0289] Heterocyclics also include bridged bicyclic groups 
Where a monocyclic heterocyclic group is bridged by an 
alkylene group such as 

[0290] , and the like. 

[0291] Heterocyclics also include compounds of the for 
mula 

/ 
O 

[0292] Where X* is selected from —CH2—, —CH2O— 
and —O—, and Y* is selected from C(0)— and 
—(C(R“)2)V—, Where R“ is hydrogen or alkyl of one to four 
carbons, and v is 1-3. These heterocycles include 1,3 
benZodioXolyl, 1,4-benZodioXanyl, and the like. The hetero 
cycle groups of this invention can be optionally substituted. 

[0293] The term “0110,” as used herein, refers to :0. 

[0294] The term “oXy,” as used herein, refers to —O—. 

[0295] The term “methylene,” as used herein, refers to a 
—CH2— group. 

[0296] The term “per?uoroalkyl” as used herein refers to 
an alkyl group in Which all of the hydrogen atoms have been 
replaced by ?uoride atoms. 

[0297] The term “phenyl” as used herein refers to a 
monocyclic carbocyclic ring system having one aromatic 
ring. The aryl group can also be fused to a cycloheXane or 
cyclopentane ring. The phenyl groups of this invention can 
be optionally substituted. 

[0298] The term “pharmaceutically acceptable prodrugs” 
as used herein represents those prodrugs of the compounds 
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of the present invention Which are, Within the scope of sound 
medical judgment, suitable for use in contact With the tissues 
of humans and lower animals With undue toxicity, irritation, 
allergic response, and the like, commensurate With a rea 
sonable bene?t/risk ratio, and effective for their intended 
use, as Well as the ZWitterionic forms, Where possible, of the 
compounds of the invention. 

[0299] The term “prodrug,” as used herein, represents 
compounds Which are rapidly transformed in vivo to the 
parent compound of the above formula, for example, by 
hydrolysis in blood. A thorough discussion is provided in T. 
Higuchi and V. Stella, Pro-drugs as Novel Delivery Systems, 
Vol. 14 of the A.C.S. Symposium Series, and in EdWard B. 
Roche, ed., Bioreversible Carriers in Drug Design, Ameri 
can Pharmaceutical Association and Pergamon Press, 1987, 
both of Which are incorporated herein by reference. 

[0300] The term “spiroalkyl” as used herein refers to an 
alkylene group Wherein tWo carbon atoms of the alkylene 
group are attached to one carbon atom of the parent molecu 
lar group thereby forming a carbocyclic ring of three to 
eleven carbon atoms. 

[0301] The term “tautomer” as used herein refers to a 
proton shift from one atom of a molecule to another atom of 
the same molecule Wherein tWo or more structurally distinct 
compounds are in equilibrium With each other. 

[0302] The term “thioalkoxy” as used herein refers to an 
alkyl group attached to the parent molecular group through 
a sulfur atom. 

[0303] Compounds of the present invention can exist as 
stereoisomers Wherein asymmetric or chiral centers are 
present. These compounds are designated by the symbols 
“R” or “S,” depending on the con?guration of substituents 
around the chiral carbon atom. The present invention con 
templates various stereoisomers and mixtures thereof. Ste 
reoisomers include enantiomers and diastereomers, and mix 
tures of enantiomers or diastereomers are designated (—+). 
Individual stereoisomers of compounds of the present inven 
tion can be prepared synthetically from commercially avail 
able starting materials Which contain asymmetric or chiral 
centers or by preparation of racemic mixtures folloWed by 
resolution Well-known to those of ordinary skill in the art. 
These methods of resolution are exempli?ed by (1) attach 
ment of a mixture of enantiomers to a chiral auxiliary, 
separation of the resulting mixture of diastereomers by 
recrystalliZation or chromatography and liberation of the 
optically pure product from the auxiliary or (2) direct 
separation of the mixture of optical enantiomers on chiral 
chromatographic columns. 

[0304] Geometric isomers can exist in the compounds of 
the present invention. The present invention contemplates 
the various geometric isomers and mixtures thereof resulting 
from the arrangement of substituents around a carbon 
carbon double bond or arrangement of substituents around a 
carbocyclic ring. Substituents around a carbon- carbon 
double bond are designated as being in the Z or E con?gu 
ration Wherein the term “Z” represents substituents on the 
same side of the carbon-carbon double bond and the term 
“E” represents substituents on opposite sides of the carbon 
carbon double bond. The arrangement of substituents around 
a carbocyclic ring are designated as cis or trans Wherein the 
term “cis” represents substituents on the same side of the 
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plane of the ring and the term “trans” represents substituents 
on opposite sides of the plane of the ring. Mixtures of 
compounds Wherein the substituents are disposed on both 
the same and opposite sides of plane of the ring are desig 
nated cis/trans. 

[0305] Tautomers can also exist in the compounds of the 
present invention. The present invention contemplates tau 
tomers due to proton shifts from one atom to another atom 
of the same molecule generating tWo distinct compounds 
that are in equilibrium With each other. 

[0306] Compounds of the present invention include, but 
are not limited to 

[0307] methyl 2-[(6-ethylthieno[2,3-d]pyrimidin-4 
yl)thio]acetate, 

[0308] 6-ethyl-4-[(4-methylphenyl)thio]thieno[2,3 
d]pyrimidine, 

[0309] 6-ethyl-4-(2-pyridinylthio)thieno[2,3-d]pyri 
midine, 

[0310] 6-ethyl-4-[(2-methylethyl)thio]thieno[2,3-d] 
pyrimidine, 

[0311] 6-ethyl-4-[(phenylmethyl)thio]thieno[2,3-d] 
pyrimidine, 

[0312] 6-ethyl-4-[(5-methyl-1,3,4-thiadiaZol-2 
yl)thio]thieno[2,3-d]pyrimidine, 

[0313] ethyl 6-ethyl-4-[(4-methylphenyl)thio]thieno 
[2,3-d]pyrimidine-6-carboxylate, 

[0314] 6-ethyl-N-(phenylmethyl)thieno[2,3-d]pyri 
midin-4-amine, 

[0315] 6-ethyl-N-(5-methyl-1,3,4-thiadiaZol-2-yl)th 
ieno [2,3-d]pyrimidin-4-amine, 

[0316] 4-[(5-amino-1,3,4-thiadiaZol-2-yl)thio]-6 
ethyl-2-(phenylmethyl)thieno[2,3-d]pyrmidine, 

[0317] 4-chloro-6-ethyl-2-(phenylmethyl)thieno[2,3 
d]pyrimidine, 

[0318] 4-[(5-amino-1,3,4-thiadiaZol-2-yl)thio]-6 
ethyl-2-(phenylmethyl)thieno[2,3-d]pyrimidine, 

[0319] 7-methyl-4-[(4-methylphenyl)thio]thieno[3, 
2-d]pyrimidine, 

[0320] 7-methyl-4-[(5-methyl-1,3,4-thiadiaZol-2 
yl)thio]thieno[3,2-d]pyrimidine, 

[0321] 7-methyl-4-[[5-(methylthio)-1,3,4-thiadiaZol 
-2-yl]thio]thieno[3,2-d]pyrimidime, 

[0322] 4-[(5-amino-1,3,4-thiadiaZol-2-yl)thio]-7-me 
thylthieno[3,2-d]pyrimidine, 

[0323] 7-methyl-N-[(4-(methylthio)phenyl]thieno[3, 
2-d]pyrimidin-7-amine, 

[0324] 7-methyl-4-[(4-methylphenyl)thio]thieno[3, 
2-d]pyrimidine-6-carboxamide, 

[0325] methyl 4-[(4-methylphenyl)thio]thieno[2,3-c] 
pyridine-2-carboxylate, 

[0326] 4-[(4-methylphenyl)thio]thieno[2,3-c]pyri 
dine-2-carboxylic acid, 
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[0674] 4-(2,4-di?uorophenyl)thieno[2,3-c]pyridine 
2-carboxamide, 

[0675] 4-(4-?uorophenyl)thieno[2,3-c]pyridine-2 
carboxamide, and 

[0676] 4-(4-bromophenoxy)-5-chlorothieno[2,3-c] 
pyridine-2-carboxamide. 

Determination of Biological Activity 

[0677] Pooled primary human umbilical vein endothelial 
cells (HtVEC’s) (Clonetics) between passages 3 and 7 were 
plated in 96-well plates (Costar), 100 pL/well, 5><104 cells/ 
mL in Clonetics EBM/2% FBS/EGF/Bovine brain extract/ 
gentamicin in the absence of hydrocortisone. The following 
day, compounds of the invention were added in 10 gL/well 
medium, and the plates were incubated at 37 ° C. 24 hours 
after compound addition, TNF (Gibco/BRL) in 10 pL/well 
medium was added to a ?nal concentration of 5 ng/mL, and 
the cells were incubated an additional 6 hours at 37 ° C. 

Then media was removed, and the plates were washed once 
with D-PBS (Gibco/BRL) and treated with primary antibod 
ies (Becton Dickinson, City), 100 pL/well in D-PBS/2% 
BSA (Sigma)/0.015 aZide. Primary antibodies at an initial 
concentration of 1 mg/mL were used at the following 
dilutions: anti-ELAM-1, 1:2000, anti-ICAM-1, 112000 and 
anti-VACM-1, 1:3000. Plates were stored overnight at 4 ° 
C., washed 3 times with D-PBS, and treated with secondary 
antibody (Jackson Labs), 100 pL/well 1:8000 dilution HRP 
conjugated donkey anti-mouse IgG(H+L) in D-PBS/ 
2%BSA. Plates were incubated a minimum of 1 hour at 
room temperature, washed 3 times with D-PBS and treated 
with 100 pL of orhto-phenylene diamine-2 HCl reagent per 
well. Plates were developed approximately 15 minutes and 
neutraliZed with 100 pL/well 1N sulfuric acid. Absorbance 
was read at 490 nm. Inhibitory potencies for representative 
compounds of the invention are shown in Table 1. 

TABLE 1 

CAM ELISA 
% Inhibition at 1 MM 

Example E-Selectin ICAM-1 VCAM-1 

2 28 35 4 
3 37 32 19 

16 35 32 19 
17 29 30 14 
19 79 67 41 
20 55 46 26 
21 63 55 23 
22 64 64 33 
32 75 63 41 
33 69 60 28 
53 70 67 48 
54 74 59 33 
60 74 71 42 
61 82 74 50 
79 66 63 38 
89 62 64 50 
90 47 51 27 
95 85 71 61 

102 78 68 53 
104 78 72 53 
110 44 48 39 
119 59 61 36 
120 72 72 49 
135 29 22 34 
123 39 31 12 
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TABLE 1-continued 

CAM ELISA 
% Inhibition at 1 MM 

Example E-Selectin ICAM-1 VCAM-1 

124 18 29 26 
125 72 69 44 
142 
151 69 73 44 
158 61 65 26 
159 30 45 13 
1 6 1 51 58 51 
170 66 67 53 
171 67 72 50 
183 63 69 48 
184 52 56 30 
187 78 72 54 

190C 70 65 37 
202 80 68 49 
210 64 58 42 
217 64 63 42 
218 66 64 51 
219 62 68 50 
220 60 51 32 
222 40 42 44 
223 34 36 36 
224 61 55 41 
225 75 78 60 
226 77 74 56 
227 61 62 44 
228 70 68 54 
228 67 64 52 
229 54 55 46 
230 56 53 45 
233 74 79 62 
236 59 59 33 

237I 71 77 54 
238 46 47 17 
249 75 69 61 
254 24 28 24 
255 67 65 19 
259 63 59 57 
261 20 16 0 
274 65 71 44 
275 73 72 64 
276 66 61 52 
279 30 40 24 
280 73 77 69 
281 18 25 20 

282A 8 15 5 
283 39 57 52 
284 56 68 45 
285 56 65 50 
286 54 64 46 
287 49 49 27 

289 64 62 52 
290 42 53 48 
294 46 45 24 
295 59 56 44 
301 44 48 34 
303 65 66 33 
311 72 77 36 
312 64 76 42 
313 57 68 39 
31 6 76 68 42 
320 64 67 55 
325 76 68 42 
329 72 62 64 
340 18 33 20 

[0678] Thus the compounds of the present invention act as 
antiin?ammatory agents with potencies below 1 pM and are 
therefore useful for treating in?ammatory diseases. 
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Pharmaceutical Compositions and Methods of 
Treatment 

[0679] The present invention also provides pharmaceuti 
cal compositions Which comprise compounds of the present 
invention formulated together With one or more non-toxic 
pharmaceutically acceptable carriers. The pharmaceutical 
compositions may be specially formulated for oral admin 
istration in solid or liquid form, for parenteral injection, or 
for rectal administration. 

[0680] The pharmaceutical compositions of this invention 
can be administered to humans and other animals orally, 
rectally, parenterally, intracistemally, intravaginally, intrap 
eritoneally, topically (as by poWders, ointments, or drops), 
bucally, or as an oral or nasal spray. The term “parenteral” 
administration as used herein refers to modes of adminis 
tration Which include intravenous, intramuscular, intraperi 
toneal, intrastemal, subcutaneous and intraarticular injection 
and infusion. 

[0681] Pharmaceutical compositions of this invention for 
parenteral injection comprise pharmaceutically acceptable 
sterile aqueous or nonaqueous solutions, dispersions, sus 
pensions or emulsions as Well as sterile poWders for recon 
stitution into sterile injectable solutions or dispersions just 
prior to use. Examples of suitable aqueous and nonaqueous 
carriers, diluents, solvents or vehicles include Water, etha 
nol, polyols (such as glycerol, propylene glycol, polyethyl 
ene glycol, and the like), and suitable mixtures thereof, 
vegetable oils (such as olive oil), and injectable organic 
esters such as ethyl oleate. Proper ?uidity can be maintained, 
for example, by the use of coating materials such as lecithin, 
by the maintenance of the required particle siZe in the case 
of dispersions, and by the use of surfactants. 

[0682] These compositions may also contain adjuvants 
such as preservative, Wetting agents, emulsifying agents, 
and dispersing agents. Prevention of the action of microor 
ganisms may be ensured by the inclusion of various anti 
bacterial and antifungal agents, for example, paraben, chlo 
robutanol, phenol sorbic acid, and the like. It may also be 
desirable to include isotonic agents such as sugars, sodium 
chloride, and the like, Prolonged absorption of the injectable 
pharmaceutical form may be brought about by the inclusion 
of agents Which delay absorption such as aluminum 
monostearate and gelatin. 

[0683] In some cases, in order to prolong the effect of the 
drug, it is desirable to sloW the absorption of the drug from 
subcutaneous or intramuscular injection. This may be 
accomplished by the use of a liquid suspension of crystalline 
or amorphous material With poor Water solubility. The rate 
of absorption of the drug then depends upon its rate of 
dissolution Which, in turn, may depend upon crystal siZe and 
crystalline form. Alternatively, delayed absorption of a 
parenterally administered drug form is accomplished by 
dissolving or suspending the drug in an oil vehicle. 

[0684] Injectable depot forms are made by forming 
microencapsule matrices of the drug in biodegradable poly 
mers such as polylactide-polyglycolide. Depending upon the 
ratio of drug to polymer and the nature of the particular 
polymer employed, the rate of drug release can be con 
trolled. Examples of other biodegradable polymers include 
poly(orthoesters) and poly(anhydrides) Depot injectable for 
mulations are also prepared by entrapping the drug in 
liposomes or microemulsions Which are compatible With 
body tissues. 
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[0685] The injectable formulations can be steriliZed, for 
example, by ?ltration through a bacterial-retaining ?lter, or 
by incorporating steriliZing agents in the form of sterile solid 
compositions Which can be dissolved or dispersed in sterile 
Water or other sterile injectable medium just prior to use. 

[0686] Solid dosage forms for oral administration include 
capsules, tablets, pills, poWders, and granules. In such solid 
dosage forms, the active compound is mixed With at least 
one inert, pharmaceutically acceptable excipient or carrier 
such as sodium citrate or dicalcium phosphate and/or a) 
?llers or extenders such as starches, lactose, sucrose, glu 
cose, mannitol, and silicic acid, b) binders such as, for 
example, carboxymethylcellulose, alginates, gelatin, poly 
vinylpyrrolidone, sucrose, and acacia, c) humectants such as 
glycerol, d) disintegrating agents such as agar-agar, calcium 
carbonate, potato or tapioca starch, alginic acid, certain 
silicates, and sodium carbonate, e) solution retarding agents 
such as paraffin, f) absorption accelerators such as quater 
nary ammonium compounds, g) Wetting agents such as, for 
example, cetyl alcohol and glycerol monostearate, h) absor 
bents such as kaolin and bentonite clay, and i) lubricants 
such as talc, calcium stearate, magnesium stearate, solid 
polyethylene glycols, sodium lauryl sulfate, and mixtures 
thereof. In the case of capsules, tablets and pills, the dosage 
form may also comprise buffering agents. 

[0687] Solid compositions of a similar type may also be 
employed as ?llers in soft and hard-?lled gelatin capsules 
using such excipients as lactose or milk sugar as Well as high 
molecular Weight polyethylene glycols and the like. 

[0688] The solid dosage forms of tablets, dragees, cap 
sules, pills, and granules can be prepared With coatings and 
shells such as enteric coatings and other coatings Well 
knoWn in the pharmaceutical formulating art. They may 
optionally contain opacifying agents and can also be of a 
composition that they release the active ingredient(s) only, 
or preferentially, in a certain part of the intestinal tract, 
optionally, in a delayed manner. Examples of embedding 
compositions Which can be used include polymeric sub 
stances and Waxes. 

[0689] The active compounds can also be in micro-encap 
sulated form, if appropriate, With one or more of the above 
mentioned excipients. 

[0690] Liquid dosage forms for oral administration 
include pharmaceutically acceptable emulsions, solutions, 
suspensions, syrups and elixirs. In addition to the active 
compounds, the liquid dosage forms may contain inert 
diluents commonly used in the art such as, for example, 
Water or other solvents, solubiliZing agents and emulsi?ers 
such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, 
ethyl acetate, benZyl alcohol, benZyl benZoate, propylene 
glycol, 1,3-butylene glycol, dimethyl formamide, oils (in 
particular, cottonseed, groundnut, corn, germ, olive, castor, 
and sesame oils), glycerol, tetrahydrofurfuryl alcohol, poly 
ethylene glycols and fatty acid esters of sorbitan, and 
mixtures thereof. 

[0691] Besides inert diluents, the oral compositions can 
also include adjuvants such as Wetting agents, emulsifying 
and suspending agents, sWeetening, ?avoring, and perfum 
ing agents. 

[0692] Suspensions, in addition to the active compounds, 
may contain suspending agents as, for example, ethoxylated 



US 2001/0020030 A1 

isostearyl alcohols, polyoxyethylene sorbitol and sorbitan 
esters, microcrystalline cellulose, aluminum metahydroxide, 
bentonite, agar-agar, and tragacanth, and mixtures thereof. 

[0693] Compositions for rectal or vaginal administration 
are preferably suppositories Which can be prepared by 
mixing the compounds of this invention With suitable non 
irritating excipients or carriers such as cocoa butter, poly 
ethylene glycol or a suppository Wax Which are solid at room 
temperature but liquid at body temperature and therefore 
melt in the rectum or vaginal cavity and release the active 
compound. 

[0694] Compounds of the present invention can also be 
administered in the form of liposomes. As is knoWn in the 
art, liposomes are generally derived from phospholipids or 
other lipid substances. Liposomes are formed by mono- or 
multi-lamellar hydrated liquid crystals that are dispersed in 
an aqueous medium. Any non-toxic, physiologically accept 
able and metaboliZable lipid capable of forming liposomes 
can be used. The present compositions in liposome form can 
contain, in addition to a compound of the present invention, 
stabiliZers, preservatives, excipients, and the like. The pre 
ferred lipids are the phospholipids and the phosphatidyl 
cholines (lecithins), both natural and synthetic. 

[0695] Methods to form liposomes are knoWn in the art. 
See, for example, Prescott, Ed., Methods in Cell Biology, 
Volume XIV, Academic Press, NeW York, NY. (1976), p. 33 
et seq. 

[0696] The compounds of the present invention may be 
used in the form of pharmaceutically acceptable salts 
derived from inorganic or organic acids. By “pharmaceuti 
cally acceptable salt” is meant those salts Which are, Within 
the scope of sound medical judgment, suitable for use in 
contact With the tissues of humans and loWer animals 
Without undue toxicity, irritation, allergic response and the 
like and are commensurate With a reasonable bene?t/risk 
ratio. Pharmaceutically acceptable salts are Well-knoWn in 
the art. For example, S. M. Berge, et al. describe pharma 
ceutically acceptable salts in detail in J. Pharmaceutical 
Sciences, 1977, 66: 1 et seq. The salts may be prepared in 
situ during the ?nal isolation and puri?cation of the com 
pounds of the invention or separately by reacting a free base 
function With a suitable acid. Representative acid addition 
salts include, but are not limited to acetate, adipate, alginate, 
citrate, aspartate, benZoate, benZenesulfonate, bisulfate, 
butyrate, camphorate, camphorsufonate, digluconate, glyc 
erophosphate, hemisulfate, heptanoate, hexanoate, fumarate, 
hydrochloride, hydrobromide, hydroiodide, 2-hydroxy 
ethansulfonate (isethionate), lactate, maleate, methane 
sulfonate, nicotinate, 2-naphthalenesulfonate, oxalate, 
pamoate, pectinate, persulfate, 3-phenylpropionate, picrate, 
pivalate, propionate, succinate, tartrate, thiocyanate, phos 
phate, glutamate, bicarbonate, p-toluenesulfonate and unde 
canoate. Also, the basic nitrogen-containing groups can be 
quatemiZed With such agents as loWer alkyl halides such as 
methyl, ethyl, propyl, and butyl chlorides, bromides and 
iodides; dialkyl sulfates like dimethyl, diethyl, dibutyl and 
diamyl sulfates; long chain halides such as decyl, lauryl, 
myristyl and stearyl chlorides, bromides and iodides; aryla 
lkyl halides like benZyl and phenethyl bromides and others. 
Water or oil-soluble or dispersible products are thereby 
obtained. Examples of acids Which may be employed to 
form pharmaceutically acceptable acid addition salts include 
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such inorganic acids as hydrochloric acid, hydrobromic acid, 
sulphuric acid and phosphoric acid and such organic acids as 
oxalic acid, maleic acid, succinic acid and citric acid. 

[0697] Basic addition salts can be prepared in situ during 
the ?nal isolation and puri?cation of compounds of this 
invention by reacting a carboxylic acid-containing moiety 
With a suitable base such as the hydroxide, carbonate or 
bicarbonate of a pharmaceutically acceptable metal cation or 
With ammonia or an organic primary, secondary or tertiary 
amine. Pharmaceutically acceptable salts include, but are not 
limited to, cations based on alkali metals or alkaline earth 
metals such as lithium, sodium, potassium, calcium, mag 
nesium and aluminum salts and the like and nontoxic 
quaternary ammonia and amine cations including ammo 
nium, tetramethylammonium, tetraethylammonium, methy 
lamine, dimethylamine, trimethylamine, triethylamine, 
diethylamine, ethylamine and the like. Other representative 
organic amines useful for the formation of base addition 
salts include ethylenediamine, ethanolamine, diethanola 
mine, pip eridine, piperaZine and the like. Preferred salts of 
the compounds of the invention include phosphate, tris and 
acetate. 

[0698] Dosage forms for topical administration of a com 
pound of this invention include poWders, sprays, ointments 
and inhalants. The active compound is mixed under sterile 
conditions With a pharmaceutically acceptable carrier and 
any needed preservatives, buffers, or propellants Which may 
be required. Opthalmic formulations, eye ointments, poW 
ders and solutions are also contemplated as being Within the 
scope of this invention. 

[0699] Actual dosage levels of active ingredients in the 
pharmaceutical compositions of this invention may be var 
ied so as to obtain an amount of the active compound(s) that 
is effective to achieve the desired therapeutic response for a 
particular patient, compositions, and mode of administra 
tion. The selected dosage level Will depend upon the activity 
of the particular compound, the route of administration, the 
severity of the condition being treated, and the condition and 
prior medical history of the patient being treated. HoWever, 
it is Within the skill of the art to start doses of the compound 
at levels loWer than required for to achieve the desired 
therapeutic effect and to gradually increase the dosage until 
the desired effect is achieved. 

[0700] Generally dosage levels of about 1 to about 50, 
more preferably of about 5 to about 20 mg of active 
compound per kilogram of body Weight per day are admin 
istered orally to a mammalian patient. If desired, the effec 
tive daily dose may be divided into multiple doses for 
purposes of administration, e.g. tWo to four separate doses 
per day. 

Preparation of Compounds of this Invention 

Abbreviations 

[0701] Abbreviations Which have been used in the descrip 
tions of the schemes and the examples that folloW are: BH3 
for borane, BH3-DMS for borane dimethylsul?de complex, 
BINAP for 2,2‘-bis(diphenylphosphino)-1,1‘-binaphthyl, 
BF3OEt2 for boron tri?uoride diethyl ether complex, n-BuLi 
for n-butyllithium, CC14 for carbon tetrachloride, Cs2CO3 
for cesium carbonate, DBU for 1,8-diaZabicyclo[5.4.0]un 
dec-7-ene, DMA for N,N-dimethylacetamide, DIBAL for 
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diusobutylaluminum hydride, DME for dimethoXyethane, 
DMF for N,N-dimethylformamide, DMSO for dimethylsul 
foXide, DIPEA for diisopropylethylamine, DPPA for diphe 
nylphosphoryl aZide, EDCI or EDC for l-ethyl-3- [3-(dim 
ethylamino)propyl]-carbodiimide hydrochloride, Et3N for 
triethylamine, Et2O for diethyl ether, EtOAc for ethyl 
acetate, EtOH for ethanol, KZCO3 for potassium carbonate, 
LiAlH4 for lithium aluminum hydride, LDA for lithium 
diisopropylamide, MeOH for methanol, NaOMe for sodium 
methoXide, NaOH for sodium hydroxide, HCl for hydro 
chloric acid, NMP for 1-methyl-2-pyrrolidinone, HZ/Pd for 
hydrogen and a palladium catalyst, iPrOH for isopropyl 
alcohol, PPh3 for triphenylphosphine, THF for tetrahydro 
furan, THP for tetrahydropyran, TFA for tri?uoroacetic acid, 
and pyBOP for benZotriaZol-1-yloXytripyrrolidinophospho 
nium heXa?uorophosphate. 

Synthetic Methods 

[0702] The compounds and processes of the present inven 
tion Will be better understood in connection With the fol 
loWing synthetic schemes Which illustrate the methods by 
Which the compounds of the invention can be prepared. 
Further, all citations herein are incorporated by reference. 
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[0703] Scheme 1 shoWs the preparation of thieno[2,3-d] 
pyrimidines from esters of general fornula 1 by published 
procedures. 4-Chlorothieno[2,3-d]pyrimidines of general 
formula 3 Were substituted With thiols to provide 4-thioet 
hers of general formula 4 or substituted With amines to 
provide 4-aminothieno[2,3-d]pyrimidines of general for 
mula 5. 
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[0704] Scheme 2 shoWs the preparation of 2-carboXy 
substituted thieno[2,3-d]pyrimidines. Pyrimidinones of gen 
eral formula 1 Weres reacted With phosphoryl chloride to 
produce 4-chloro pyrimidines of general formula 6, Which 
Were then substituted With thiols to provide thioethers of 
general formula 7. 
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-continued 
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[0705] Scheme 3 shows the preparation of thieno[3,2-d] 
pyrimidines derived from chloropyrimidines of general for 
mula 8. Substitution of the chlorides With thiols provided 
thioethers of general formula 9, and substitution of the 
chlorides With amines provided aminopyrimidines of gen 
eral formula 10. 
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[0706] Analogs having 2-carboXamide groups on the 
thieno[3,2-d]pyrimidine Were prepared as shoWn in Scheme 
4. The thiophene-2-position Was deprotonated With a strong 
base such as lithium diisopropylamide, and the correspond 
ing carbanion Was treated With carbon dioxide to provide 
acids of general formula 11. The acids Were converted to the 
corresponding amides of general formula 12 through the 
intermediate acid chlorides. 
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[0707] Scheme 5 shoWs the preparation of 6-alkyl substi 
tuted thieno[2,3-d]pyrimidines With alkylthio groups at the 
4-position. Using knoWn procedures, 2-aminothiophene 13 
Was acylated to provide amnide 14 Which Was cycliZed to 
provide thienopyrimidinone 15. The pyrimidinone Was con 
verted to chloride 16 and further to thio ether 17 by standard 
procedures. 
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